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Introduction
Many techniques of reconstruction of the anterior cru-
ciate ligament (ACL) have been developed. Tradition-
ally, arthroscopically assisted ACL reconstruction has
been performed using a two-incision technique [4, 6].
More recently, however, the single incision tibial endo-
scopic technique has been developed to obviate the
necessity of the lateral incision and to, potentially, re-
duce operative time and surgical morbidity.
Nevertheless, endoscopic methods have shown some
disadvantages with respect to the two-incision tech-
niques. These include the inability to freely position the
femoral tunnel when it is drilled through the tibial tun-
nel. Moreover, this technique dictates relatively vertical
and central non-anatomical graft placement compared
to the more horizontal and lateral course of the native
ACL that could result in a rotational instability [22, 25].
Some authors recommend ﬂuoroscopic control during
surgery [5, 19] to avoid placing a femoral tunnel too
shallow along the Blumensaat line. The use of antero-
medial portal instead of transtibial portal has been
suggested to obviate the above-mentioned problems.
Through this portal with the knee maximally ﬂexed,
seems to be possible to perform a femoral tunnel 5 mm
anterior to the posterior capsular insertion, at the 11
o’clock (right) or 1 o’clock position with respect to the
apex of the notch [28].
Nevertheless there are other recognized potential pit-
falls of the endoscopic technique, including graft tunnel
mismatch, [10] interference screw ﬁxation divergence, [1]
posterior cruciate ligament (PCL) impingement [7] and
possible violation of posterior cortical wall [26].
In this paper we present our technique for anatomic
reconstruction of the ACL using the two-incision
approach. In particular, a speciﬁc instrumentation to
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perform the femoral tunnel is used to avoid a large lat-
eral femoral soft tissue dissection.
Surgical technique
Surgical setup
The patient is placed in the supine position with a lateral
post just proximal to the knee, in level with a padded
tourniquet and a foot roll helping to keep the hip from
externally rotating and the knee ﬂexion at 90. In this
way, the knee can be moved freely right through its full
range of motion. Antibiotic prophylaxis is prepared with
1.5 g of a second generation cephalosporin or 1 g
vancomycin for the patient who is allergic to penicillin.
A thorough examination of both knees is performed
under anaesthesia, including Lachmann, varus/valgus
stress and pivot shift test to further conﬁrm the diag-
nosis. Standard arthroscopic draping is used.
Graft harvesting
We start the surgery with a graft harvest (usually bone–
patella tendon–bone (BPTB)). An incision of average
7 cm is performed, extending from the inferior pole of
patella to the tibial tubercle, keeping the knee in ﬂexion.
The paratenon is identiﬁed and divided longitudinally
and dissected medially and laterally only till the 10 mm
width that allows graft harvest. A BPTB graft is har-
vested 10 mm in diameter with 10 or 11-mm · 25-mm
bone plug at the level of tibial tuberosity and 9 or 10-
mm · 15-mm bone plug at the level of patella. A single
scalpel is used to outline the bone block that has to be
cut on the tibial tubercle. The patella and bone block are
harvested by using an oscillating saw. The block is cut in
a trapezoidal fashion at the level of tibial tubercle and in
a triangular fashion at the level of patella. After com-
pletion of the graft harvest, the patellar tendon defect
and paratendon is closed with 0-vicryl in a running
fashion. Closing the tendon and the paratendon at this
stage helps prevent leakage of ﬂuid and maintains dis-
tension of the joint during the arthroscopy. At the rear
table, an assistant prepares the graft. A small rongeur
and a graft shaper are used to ﬁt the appropriately sized
hole of a sizing block. It is very important to maximize
the size of the bone plugs within the respective tunnels to
obtain rigid ﬁxation of the graft. The longer end tibial
tuberosity of the graft is prepared as press-ﬁt that goes
into the femoral tunnel. In particular, the half part of
bone plug nearest to the tendon is of the same diameter
as that of the femoral tunnel and is shaped so as to easily
pass in the femoral tunnel, whereas the other half part is
1 mm thicker than femoral tunnel diameter to allow
press ﬁtting of the bone block. A drill hole, about 5 mm
from the end of bone block, is made with a 2-mm drill
bit, and a holding suture (2-vicryl) is passed through it.
The patella bone block is prepared not in press-ﬁt; but
two drill holes, evenly spaced that are made through the
bone block parallel. Normally patellar bone plug is 1 or
2 mm smaller than tibial bone plug. A 2-vicryl suture is
passed in an eight shape and a knot is performed at the
extremity of bone block. This conﬁguration allows this
bone block to be pulled during graft passage. The tendo-
osseous junction at the level of tibial tuberosity plug that
will be inserted in press-ﬁtting into the femoral tunnel is
marked with a sterile marker pen (Fig. 1).
Arthroscopic reconstruction
Inferomedial and inferolateral portal are made through
the incision performed for graft harvesting eliminating
the need for a separate portal incisions. A suction can-
nula is inserted through the suprapatellar pouch to end
in the medial gutter. Suﬃcient debridement of the fat
pad is performed to allow a good view of the interc-
ondylar notch. Any remaining ﬁbres of the ruptured
ACL are then debrided using arthroscopic scissors and
motorized 4.5 mm full radius resector. The medial wall
of lateral condyle is debrided of all tissue. A rugine is
used to well clear the lateral wall to help visualize the
posterior notch. Care is taken through the debridement
to avoid damage to the PCL and meniscofemoral liga-
ments. Although we work under tourniquet, sometimes
a radiofrequency ablation device is used to clear tissue
and provide haemostasis. During notch preparation, a
probe is used to hook over the top. Once good arthro-
scopic view of the more posterior aspect of femoral
lateral condyle is obtained, the tunnels are created at the
origin of the ACL, starting from the femoral tunnel.
Fig. 1 Whether the distal parts do not pass, showing a good
preparation for press-ﬁt ﬁxation
511
Femoral pin guide
A speciﬁc femoral drill guide (Phusis, Grenoble, France)
is positioned under arthroscopic control, through the
anteromedial portal. One arm of the guide is introduced
into the knee, passing between the LCP and the medial
wall of lateral condyle. The tip of arm is positioned at
the back wall of the lateral condyle. The knee is ﬂexed at
90. The tip of the guide is hooked just a few millimetres
lower from the top position, immediately above the edge
of lateral femoral condyle cartilage between 9 and 10
o’clock position for right knee and 14, 15 o’clock posi-
tion for left knee, respectively. The external arm of the
femoral guide lies on the lateral aspect of the lower part
of the thigh. A lateral skin incision of average 2 cm is
made along the lateral aspect of the distal femur; the
point is dictated by the femoral guide (Fig. 2). The
incision is straight to the bone; the iliotibial band is split
longitudinally. The boundaries inferior and posterior of
the lateral femur incision are represented by the higher
insertion of the lateral collateral ligaments and pos-
terolateral complex thus determining a tunnel, starting
at the level of distal metaphysis of the femur. The guide
pin is drilled with a slight oblique direction from front to
back and from high to low. Pin position is conﬁrmed
arthroscopically by probing and direct visualization and
the drill guide is disengaged.
Tibial pin guide
Under arthroscopic control, the tibial guide is intro-
duced through the anteromedial portal. The angle of
tibial aimer is set to 40 to secure the proper slope of the
tunnel. A tibial tunnel at a constant angle without
consideration to the patellar tendon length is carried out
because the graft–tunnel mismatch is a non-issue in the
two-incision technique. The landmark for ACL guide is
a distance of 7 mm anterior to the PCL and on an
average 7 mm lateral to the medial condyle. A longitu-
dinal skin incision 3 cm inferior to the articular margin
above the pes anserinus tendon and at least 1 cm medial
to the tibial tubercle is carried out and a guide pin is
drilled with the ﬂexed knee at 90. After the guide pin is
placed, the drill guide is removed and the knee is pas-
sively extended to exclude an impingement on the
anterior intercondylar notch region.
Femoral tunnel
Once a check is performed, femoral tunnel is at ﬁrst
established with a 11 or 10 mm cannulated reamer
depending on the bone block size. A curet is used to
cup the tip of the guidewire to avoid inadvertent
advancement of the guidewire, causing damage to the
articular surface or other intra-articular structures.
The most anterior edge of the performed tunnel is
located at the level of the isometric point. The ream-
ing debris is evacuated with a synovial shaver to
minimize the fat pad inﬂammatory response. The
anterior edge of the tunnel, at its entrance into the
joint, is chamfered with a curet to prevent abrasion of
the graft as it exits through the femoral tunnel
(Fig. 3).
Tibial tunnel
A 10 or 9 mm tibial tunnel depending on graft size is
established with a cannulated reamer placed over the
tibial guide pin. The tibial tunnel is usually 1 or 2 mm
inferior in size with respect to the femoral tunnel.
Once the tibial tunnel is performed, a motorized
4.5 mm full radius resector is introduced in a retro-
grade via the tibial tunnel to debride the intra-artic-
ular entrance. A plug can be placed in the tunnel and
the shaver introduced through the anteromedial portal
to further remove loose bone and cartilage around the
tunnel entrance. Care is taken to ensure that residual
tissue that may impinge on the graft does not remain
at the anterior edge and the surgeon should smooth
out the posterior and posterolateral intra-articular
edge of the tibial tunnel.
Fig. 2 Femoral guide wire is drilled from a lateral incision. Left
arthroscopic control, right lateral ﬂuoroscopic control showing the
optimal placement of the guide wire
512
Graft passage, tensioning and ﬁxation
The BPTB autograft is passed antegrade from the fem-
oral to tibial side with a pull-through technique under
direct arthroscopic vision. A suture loop is introduced
into the joint through the tibial tunnel using an eyed pin
and is then pulled into the femoral tunnel under
arthroscopic view and grasped by the assistant. The
other side of the suture loop goes out of tibial tunnel.
The assistant passes the pull sutures of the patella bone
plug in the suture loop, so the surgeon pulling on the
loop suture out of tibial tunnel allows the patella plug
sutures to go out of the tibial tunnel (Fig. 4). At this
point, veriﬁed with a clamp the direction of the femoral
tunnel, the assistant grasps with a clamp the patella bone
plug that is guided through the femoral tunnel. When
the bone plug arrives at the intra-articular entrance of
the femoral tunnel, the clamp is removed and the sur-
geon pulls on the traction suture to allow the passage of
the graft. A probe can sometimes be necessary to assist
the graft passage. The tibial block is inserted in the
femoral tunnel, with the cortex face posteriorly. The
surgeon performs a gentle traction distally while the
assistant lightly hammers using an impactor inserted on
the bone plug until the press-ﬁt graft block in the tunnel,
and the marked tendo-osseus junction is viewed arth-
roscopically to arrive at the intra-articular entrance of
the femoral tunnel (Fig. 5). Once the graft is seated in
the femoral tunnel, its position is well assessed with the
arthroscope. A maximal manual tension is applied to the
sutures of the patellar plug and the knee is cycled
through full ﬂexion extension several times for graft
pretensioning and settling. The knee is placed in
approximately 30 of ﬂexion, and tibial ﬁxation is
achieved with primary aperture-opening ﬁxation using a
9 mm bioabsorbable interference screw (Phusis) placed
anteriorly to the graft (Fig. 6). The scope inserted
through the lateral portal controls the position of the
screw at the articular margin of the tibial tunnel. After
this, the scope is inserted retrograde in the tibial tunnel
to control the proper position of the screw and verify
that during passive motion of the knee there is an ab-
sence of graft motion. At last intraoperative stability is
assessed with Lachman testing. Surgical incision is
closed on an intra-articular suction drainage.
Discussion
The knowledge of the anatomy of the ACL and in
particular its anatomical attachment site on the lateral
femoral condyle is mandatory for successful ACL sur-
gery [3, 11]. The ACL femoral attachment is semicircular
(18·10 mm) with a straight anterior border and a con-
vex posterior border as it originated from the postero-
medial wall of the lateral femoral condyle. It lies behind
Fig. 3 Drilling of femoral tunnel from lateral incision. Left
arthroscopic view of a curette above the tip of pin, right position
of tunnel at footprint at the 9:30 position
Fig. 4 Passage of BPTB graft in antegrade fashion. At the top the
arthroscopic control of the sutures passage. A suture retriever is
inserted trough the femoral tunnel and grasps the loop suture from
the eyed pin. Loop suture is then passed out the lateral femoral
cortex allowing the passage of graft
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and below the roof of the intercondylar notch and be-
hind the inferior extension of the posterior femoral
cortex, at the transition between the bony lateral notch
wall and the cartilage of the femoral condyle [2, 16]. The
major part of current endoscopic ACL reconstruction
techniques place the graft along the roof of the interc-
ondylar notch, anterior and superior to the native ACL
insertion, exposing some of ﬁbres of the non-anatomi-
cally placed graft to higher strain rates and risk of fail-
ure. The ACL presents a collection of individual ﬁbres
that are a simplistic grouping in two distinct bands,
anteromedial (AM) and posterolateral (PL) bands [16].
The AM band is located in the anterior part of ACL and
is inserted just behind and at the top of the intercondylar
notch roof. This point corresponding to the most iso-
metric point [12, 19, 23], consequently, the most anterior
ﬁbres of AM band are the most isometric [13, 18, 19, 29].
The PL band of the ACL represents the bulk of ligament
and its ﬁbres are the most inferior and posterior. It was
well demonstrated by Hefzy et al. [19] that altering the
femoral attachment of the ACL had a much larger eﬀect
than tibial attachment on the length change of the ﬁbres.
In fact, the centre of rotation is closer to the femoral
attachment than the tibial attachment side, so there is
little room for error when placing the femoral tunnel.
Clinical results correlate positively with femoral tunnels
placed at least 60% posterior to the anterior origin of
Blumensaat line [21].
A cadaveric study conﬁrmed that the anatomical
insertion of ACL on the femur is found to lie very low in
the notch [3]. The major part of these ﬁbres lies poste-
riorly to the isometric point on the medial wall of the
femoral condyle [17]. These ﬁbres located behind the
most isometric point are lax during ﬂexion and tight in
extension. The behaviour of these ﬁbres was deﬁned
‘favourable non-isometry’ [8]. A progressive recruitment
of the ﬁbres from front (the most isometric) to backward
is the product during knee extension. The ‘favourable
non-isometry’ is very interesting because increased knee
loading often occurs at ﬂexion angles of less than 60,
and to reproduce it, an anatomical placement of the
graft should be performed during surgery.
In the past, the most common femoral tunnel error
was to place the femoral tunnel too anteriorly resulting
in a graft lax in extension, tight in ﬂexion. The major
part of the current endoscopic ACL reconstruction place
the graft high in the most posterior aspect of the in-
tercondylar roof notch, anterior and superior to the
native ACL insertion. This position results in 10 mm of
laxity from extension to ﬂexion, and therefore, causes
the graft to tighten excessively in knee extension [1].
Studies evaluating isometric placement of graft have
suggested that the 12 o’clock position with a 2 mm of
posterior wall was the most isometric [9]. In reality this
position results in a vertically oriented non-anatomic
graft [7]. In such a situation the anterior tibial transla-
tion is partially controlled, but the rotational component
of the instability remains uncontrolled, resulting in a
persistent pivot shift [14]. Hefzy et al. [19] noted a larger
isometric (2 mm) zone proximally, so most authors are
recommending an entry point high in the notch, at the
11 o’clock position for a right knee with 1–2 mm pos-
terior cortical shell, and often this requires the use of a
more inferior medial portal. Nevertheless, the ACL
isometry is a theoretical condition, and has not stood up
to detailed testing and investigation [9, 13, 24].
Most ﬁbres of the ACL are actually quite non-iso-
metric with only the most anterior ﬁbres being near
Fig. 5 The assistant hammering light using an impactor on the
tibial bone plug while the surgeon performs traction distally on the
sutures
Fig. 6 Sagittal cross-section through the cadaveric knee shows the
near anatomical position of graft (a and b) after simulate ACL
reconstruction with the two-incision technique
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isometric. We think that anatomical placement of graft
should be preferred, so the goal of femoral tunnel
placement should be to place the graft in a position that
most accurately reproduces an anatomic behaviour of
the ACL.
A cadaveric study made by Arnold et al. [3] showed
as the ACL attachment site to spread between 11 and
9–8 o’clock position; the centre lies lower than at 11
o’clock position, so to place the graft at the original
anatomical insertion site a tunnel at 10 o’clock or lower
should be placed. In this study it was found that
transtibial femoral tunnel drilling does not reach the
centre of the anatomical ACL footprint. It was con-
cluded that femoral aiming devices for use through the
tibial tunnel aim for an isometric placement, and they
do not aim for an anatomic position of the graft. To
reach a better femoral tunnel placement the medial
portal instead of the transtibial portal with a knee
ﬂexed at 130 has been proposed [28]. Simmons et al.
recently [27], have showed that placing the femoral
tunnel in the coronal plane at 60 lowers graft tension
in ﬂexion minimizing PCL impingement of graft. To
obtain this positioning with the transtibial technique, a
special tibial guide should be used and drilling through
the superﬁcial ﬁbres of the medial collateral ligament
should be performed [27]. The femoral tunnel place-
ment is very important because it not only determines
graft tension [20] but also aﬀects the ligamentization
process of the graft healing. A recent study on a
cadaveric biomechanical model has shown that recon-
structing the femoral tunnel at the oblique anatomic
origin of the native ACL, oriented 60 from vertical,
more closely restored anatomic rotational stability of
the knee than did the standard tunnel reconstruction
oriented at 30 from vertical [25]. This corresponding
to ACL reconstruction with a ‘favourable isometry’
and to place the graft in this area, a femoral tunnel
between 9 and 10 o’clock position on the right lateral
femoral condyle should be drilled, with the knee at 90
of ﬂexion. The posterior placement of graft and the
horizontal femoral tunnel result in an anatomical
placement, restoring more natural knee kinematics [2,
22]. The classsic two-incision technique, using a rear-
entry drill guide [15], our two-incision technique, or the
Clancy anatomic endoscopic technique using ﬂexible
reamers and use of diﬀerent not commonly arthro-
scopic portals [7] seems to allow a predictable, near-
anatomic placement of femoral tunnel.
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